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Fig. 3. Presence of ZA promoted the beneﬁcial effects of mechanical
loading, but had no effects during static culture. (A) Young’s Modulus and
(B) Dynamic Modulus of cartilage allografts at D3, 1wk, 2wk and 4wk in
vitro culture.
Fig. 4. Live/Dead stain images of cartilage allografts after 4-week culture.
(A-B) Static culture groups with or without ZA in medium. (C-D) Samples
cultured with mechanical stimulation. (Scale bar ¼ 50 mm)
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S308Fig. 5. Biochemical content and gene expression levels of cartilage
allografts cultured with mechanical stimulation. (A) GAG and (B) collagen
content at day 30. Expression of (C) Type I Collagen, (D) Type II Collagen,
and (E) Aggrecan genes at day 14. (p<0.01)
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Purpose: It is well established that ﬁbronectin fragments (FN-fs) reg-
ulate cartilage homeostasis and inﬂuence osteoarthritis (OA) disease
progression, particularly the initiation of tissue damage in early OA. Our
previous studies showed that reduced oxygen tension at 5% ampliﬁed
FN-f induced catabolic activities when compared to chondrocytes cul-
tured at 21% and this response was abolished with biomechanical sig-
nals in an oxygen-independent manner. There is strong evidence which
implicates the a5b1 integrin as a receptor for both biomechanical sig-
nals and matrix fragments suggesting potential overlapping pathways
for these signals. The present study therefore examined the effect of
oxygen tension and biomechanical signals on a5b1 integrin signalling in
FN-f stimulated chondrocytes using an ex-vivo 3D/bioreactor approach.
Methods: Chondrocyte/agarose constructs were subjected to dynamic
compression (15 %, 1 Hz, Bose Enduratec, UK) with 0 or 1 mM amino-
terminal Fn-f (29 kDa) and/or 100 mg/ml of a competitive ligand for the
a5b1 integrin (GRGDSP) or a non-binding control peptide (GRADSP) at 5
and 21 % oxygen tension (v/v) for 48 hr (Biospherix, USA). Nitric oxide
(NO) production, prostaglandin E2 (PGE2) release and glyco-
saminoglycan (GAG) synthesis were quantiﬁed using biochemical
assays. In separate experiments, the effect of oxygen tension and/or FN-
f in chondrocyte/alginate constructs subjected to dynamic compression
were visualised with ﬂuorescent conjugated monoclonal antibodies for
the a5 or b1 subunits and quantiﬁed by FACS analysis. Two-way ANOVA
and a post hoc Bonferroni-corrected t-test were used to analyse the
data.
Results: The presence of FN-f increased NO and PGE2 production, with
values greater at 5% than 21% oxygen tension. The catabolic response
induced by the fragment was reduced with dynamic compression (all
p<0.001) and this recovery effect lost with the integrin binding peptide,
GRGDSP, independent of oxygen tension. In addition, the presence of
the integrin binding peptide abolished compression-induced stim-
ulation of GAG synthesis at 5 and 21% oxygen tension, but had no effect
on the FN-f induced response. At both 5% and 21% oxygen tension,
treatment with FN-f increased a5 expression but had no signiﬁcant
effect on b1 expression. In contrast, dynamic compression reduced
expression of both a5 (17.541.07%) and b1 (48.122.06%) at 21% oxy-
gen tension (both p<0.001), but had no signiﬁcant effect at 5% oxygen
tension.
Conclusions: The present ﬁndings demonstrate that the ability of bio-
mechanical signals to reduce catabolic effects induced by FN-f was lost
following incubation with RGD peptides, suggesting that the a5b1
integrin is important in mediating the mechanotransduction response.
Indeed, integrin-mediated mechanotransduction will contribute to
chondroprotective events resulting in an attempt by cells to stimulate
anabolic processes locally and assist in tissue remodelling. In contrast,
the presence of the integrin binding peptide had no effect on the FN-f
induced response in constructs cultured at 5 and 21% oxygen tension,
implicating involvement of other integrin subtypes or receptors. FN-f
increased a5 but not b1 expression independent of oxygen tension, in
contrast to dynamic compression which induced suppression of a5 and
b1 expression at 21% oxygen tension only, further supporting the role of
a5b1 signaling in the reparative effects of dynamic compression. FN-fs
may exert catabolic effects through multiple receptors, whilst dynamic
compression initiates reparative effects mediated by a5b1. This study
provides ﬁrst insight into the effects of oxygen tension on the inter-
action of matrix fragment and mechanical loading signaling pathways,
which could reveal potential therapeutic targets for the arrest of early
OA progression.
